Firstly, a new zero-voltage-transition (ZVT) converter for switched reluctance motor drives is presented. The proposed ZVT converter possesses the definite advantages that both main transistors and diodes can operate with zero-voltage switching (ZVS), unity device voltage and current stresses. Secondly, its zero-current counterpart is also presented, which offers both the main and auxiliary switches operating with zero-current switching (ZCS) and minimum current / voltage stress. They both have simple circuit topology, minimum component count and low cost. This family of converters is especially advantageous for switched reluctance motor drives demanding efficient regenerative braking, such as electric vehicle application.
INTRODUCTION
The switched reluctance motor (SRM) drive is a kind of brushless motor drives, without any rotor conductors nor permanent magnets. The SRM operates on the force of magnetic attraction with the simplest configuration compared with the other types of brushless motors. The SRM drive has some definite advantages for electric vehicle propulsion -simplest and most reliable construction, high efficiency over wide speed and torque ranges, high starting torque and low starting power, fully controllable four-quadrant operation and fast dynamic response.
Within the last decade, the research and development on SRM drives have been focused on the motor topology design and optimization as well as the motor control strategies. Nevertheless, a number of converter topologies for SRM drives have also been proposed [ 11. However, most of these converter topologies employ the hard-switching technique which causes high switching losses and severe electromagnetic interference (EMI) .
Recently, a number of soft-switching techniques, providing zero-voltage switching (ZVS) or zero-current switching (ZCS) condition, have been successhlly developed for switched-mode power supplies (SMPS) [2]-[6] . Surprisingly, the development of soft-switching converters for dc and SRM drives has been very little. Even so, it has been assumed that those being developed for SMPS can be directly applicable [7] . Until recently, a few studies on soft-switching converters for dc and SRM drives have been carried out [si-[ 111. In this paper, a new soft-switching pulse-widthmodulated converter, namely the zero-voltage-transition (ZVT) type, as well as its zero-current counterpart, namely the zero-current-transition (ZCT) type are proposed for SFUvl drives. This family of converters possesses some definite advantages over its PWM counterpart and other soft-switching converters. For the ZVT converter, ZVS can be achieved for all main switches and diodes, with unity device voltage and current stresses, as well as wide operating range. For the ZCT converter, both the main and auxiliary switches can operate with ZCS and minimum voltage I current stress. They both have simple circuit topology, minimum hardware count, and low cost, leading to achieve high switching frequency, high power density and high efficiency. Fig. 1 shows the circuit diagram of a conventional hard-switching (n+l)-switch converter for SRM drives. The upper chopping switch S, serves all three phases while the lower commutating switches Si, S, and S, commutate the phases by selecting one phase at a time sequentially. For example, in Fig. 2(a) , phase-1 is selected by turning on S, and the phase-1 current is controlled by switching S,. After a desired time, in Fig.  2(b) , S, is turned off and the phase-1 current is freewheeling by D,. Then, in Fig. 2(c) , S, is turned off and energy returns to the source through D, and D,. The SRM can be operated at regeneration simply by retarding the firing angles in such a way that the phase winding conduction period comes after the aligned position. A simplified one-phase circuit diagram is shown in Fig. 4 . S,, D,, V, and the phase winding can be treated as a buck converter while SI, D,, V8 and the phase winding can be treated as a boost converter. The equivalent circuits and operating waveforms are shown in Figs. 5 to 8, respectively. As shown in Figs. 5 and 7, there are seven operating stages within one switching cycle, which are briefly described as follows. 
PRINCIPLE OF OPERATION OF ZCT-SRM DRIVES
To achieve ZCT operation, two resonant tanks are added to form the proposed ZCT converter for SRM drives shown in Fig. 9 . A resonant inductor La, a resonant capacitor C,, an auxiliary switch Sa and a diode D, are added to the chopping switch S,. A resonant inductor b, a resonant capacitors cb, a diode D,, and four auxiliary switches s b and Sbl-3 are added to the commutating switches A simplified one-phase circuit diagram is shown in Fig. 10. S,, D, T4-T5] : Before S, is turned off, Sa is tumed on again. La and C, start resonating. When iL<8 increases from zero to peak and then decreases toward zero and changes direction and reaches -I, at T5 and the antiparallel diode of Sa becomes on.
Stage 6 [T,-T,]:
At T5 iL,, reaches -I, and the current of S, is reduced to zero, so S, is turned A new family of soft-switching converters for SRM drives has been presented. The ZVT type possesses the defmite advantages that all main switches and diodes can achieve ZVS when the corresponding device voltage and current stresses are kept at unity. On the other hand, both the main and auxiliary switches of the ZCT type can always maintain ZCS with minimum current / voltage stress. Both converters utilize a simple circuit topology, minimum hardware count and low cost, leading to achieve high power density and high efficiency. 
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